Energy transduction in Escherichia coli. The effect of chaotropic agents on energy coupling in everted membrane vesicles from aerobic and anaerobic cultures.
1. The transduction of energy from the oxidation of substrates by the electron transport chain or from the hydrolysis of ATP by the Mg2+-ATPase was measured in everted membrane vesicles of Escherichia coli using the energy-dependent quenching of quinacrine fluorescence and the active transport of calcium. 2. Treatment of everted membranes derived from a wild-type strain with the chaotropic agents guanidine-HC1 and urea caused a loss of energy-linked functions and an increase in the permeability of the membrane to protons, as measured by the loss of respiratory-linked proton uptake. 3. The coupling of energy to the quenching of quinacrine fluorescence and calcium transport could be restored by treatment of the membranes with N,N'-dicyclohyexylcarbodiimide. 4. Chaotrope-treated membranes were found to lack Mg2+-ATPase activity. Binding of crude soluble Mg2+-ATPase to treated membranes restored energy-linked functions. 5. Membranes prepared from a wild-type strain grown under anaerobic conditions in the presence of nitrate retained respiration-linked quenching of quinacrine fluorescence and active transport of calcium after treatment with chaotropic agents. 6. Everted membrane vesicles prepared from an Mg2+-ATPase deficient strain lacked respiratory-driven functions when the cells were grown aerobically but were not distinguishable from membranes of the wild-type when both were grown under anaerobic conditions in the presence of nitrate. 7. It is concluded (a) that chaotropic agents solubilize a portion of the Mg2+-ATPase, causing an increase in the permeability of the membrane to protons and (b) that growth under anaerobic conditions in the presence of nitrate prevents the increase in proton permeability caused by genetic or chemical removal of the catalytic portion of the Mg2+-ATPase.